Focused attention enhances processing of some aspects of the world at the expense of unattended items. Although focused attention has been studied for decades, few studies have measured individual and group differences in how people distribute attention. In three studies, we explored differences in the breadth and distribution of attention as a function of athletic expertise. Study 1 found 25% greater attention breadth in expert athletes than in novices. Study 2 found that the distribution of focused attention for experts varied as a function of the type of athletic expertise: Experts in sports that demand greater horizontal distribution of attention (e.g., soccer) showed greater horizontal breadth of attention than did those whose sports demand more vertical attention (e.g., volleyball), and vice versa. Study 3 used a slightly modified design to replicate the results of Studies 1 and 2. Overall, the findings reveal a systematic association between the measured "shape" of focused attention in a laboratory task and expertise in a real-world skill.
The shape, capacity, and spatial distribution of focused attention (i.e., how focused attention is applied to a subset of the visual world) have been topics of investigation for decades (e.g., Cowan, Fristoe, Elliott, Brunner, & Saults, 2006; Galera, von Grünau, & Panagopoulos, 2005; Gold et al., 2006; Wiley & Jarosz, 2012) . Prominent metaphors liken the focus of attention to a spotlight (Posner, 1980) , a zoom lens that trades breadth for precision (Eriksen & St. James, 1986) , or a gradient (LaBerge & Brown, 1989) . Each metaphor acknowledges the flexibility of focused attention: Its shape and breadth are influenced by task requirements and display elements (Duncan, 1984; Galera et al., 2005; Lavie, 1995; Rees, Frith, & Lavie, 1997) , as well as by the observer's emotional state (e.g., Fredrickson, 2001; Gasper & Clore, 2002) .
Individuals vary in their ability to distribute visual attention spatially (e.g., Ahmed & de Fockert, 2012) , to divide attention (e.g., Colflesh & Conway, 2007) , and to shift the focus of attention (e.g., Heitz & Engle, 2007 ; for a review see Cave & Bichot, 1999) . People also vary in their ability to apply attention selectively (e.g., Bleckley, Durso, Crutchfield, Engle, & Khanna, 2003) and to apply executive control to attentive processing (Conway, Cowan, & Bunting, 2001 ). The flexibility of attention across tasks (Cowan, 2005) , coupled with evidence for individual differences in these basic processes, raises the intriguing possibility of systematic individual differences in the way people distribute focused attention across the visual field. Few studies have explored individual differences in the shape of the "attentional spotlight" (e.g., Ahmed & de Fockert, 2012; Cave, 2013; Pype, Lin, Murray, & Boynton, 2010) , and none have explored how that shape varies with domain-specific expertise.
Such individual differences could have practical significance. For example, people with greater attention breadth in the horizontal direction might have an advantage when driving relative to those with greater attention breadth in the vertical direction. Conversely, those with greater vertical breadth of attention might excel in tasks that demand more vertical attention, such as painting a façade or constructing a building. To the extent that the shape and breadth of attention is malleable, it might change with experience as well.
We examined differences in the scope and distribution of attention by comparing expert athletes to novice athletes. Visual attention is essential in sport performance, especially in fastpaced team sports (Abernethy, 1990; Memmert, Simons, & Grimme, 2009; Williams, Davids, & Williams, 1999) , and expert athletes show better attention performance than novices in a variety of attention tasks (e.g., Castiello & Umiltà, 1992; Nougier, Ripoll, & Stein, 1989; Pesce Anzeneder & Bösel, 1998 ; for reviews see Mann, Williams, Ward, & Janelle, 2007; Voss, Kramer, Prakash, Roberts, & Basak, 2010) . For example, they can adjust the scope of their attentional spotlight more effectively to focus on multiple locations (e.g., Nougier, Azemar, Stein, & Ripoll, 1992) , shift it between objects more efficiently, and maintain attention longer than novices (e.g., Pesce Anzeneder & Bösel, 1998; Turatto, Benso, & Umiltà, 1999) .
Although many studies have documented expertise effects, none has systematically measured expertise differences in the maximum breadth and spatial distribution of focused attention. A soccer player in possession of the ball must simultaneously track both the ball and the defender in order to successfully counter the defense, and the ability to spread attention more broadly would be advantageous. Given the demands of sports, if attention varies across individuals, we should expect greater attention breadth for expert athletes than for novice athletes. Note, though, that such an association would not permit a causal conclusion: Individual differences could lead to athletic success, they could result from athletic training, or a third factor could contribute both to greater breadth and to athletic expertise.
Study 1 explored such expertise differences by requiring participants to focus attention simultaneously on two spatially separated stimuli and make judgments about both (Hüttermann, Memmert, Simons, & Bock, 2013) . Participants maintained fixation on the midpoint between the targets, a strategy that maximizes attention breadth compared with a strategy of fixating one target and processing the other peripherally (Hüttermann et al., 2013) . By systemically varying the stimulus positions and the distance between targets, we characterized the maximum extent of the attentional spotlight along several spatial dimensions and compared that "shape" for experts and novices.
Although some attention demands are common across sports, sports also differ in the demands they place on attention (Nideffer & Sagal, 2001 ). The attentional demands of sport vary in their need for focus (e.g., narrow vs. broad: the number of stimuli athletes have to attend to at any given moment) and whether they require internal or external focus (focusing inward on feelings and thoughts or outward on events; Burton & Raedeke, 2008) . Sports also vary in the primary spatial dimension that requires attention: Some sports require greater horizontal breadth of attention (e.g., team handball, soccer) and others require greater vertical breadth of attention (e.g., volleyball, basketball; Allard, Graham, & Paarsalu, 1980; Allard & Starkes, 1980) . Studies 2 and 3 examine differences in attention performance as a function of the type of sport the athlete plays. If the shape of attention varies as a function of the demands of the expertise domain, then athletes who specialize in different sports should show a corresponding difference in the spatial distribution of attention, even in our nonsport attention task. Consequently, those who play horizontal sports should show a relative advantage for horizontal attention, and those who play vertical sports should show a relative advantage for vertical attention.
Study 1
Efficient performance in most team sports demands simultaneous attention to multiple, spatially separated objects. Consequently, we might expect team-sport experts to show greater attention breadth than novices, even on a task that is unrelated to their domain of expertise.
Method
Participants. Twenty-two subjects (13 female) aged 22 to 36 years (M age ϭ 26.77, SD ϭ 4.22 years) participated in Study 1. Data from two additional subjects were excluded because they did not consistently achieve 75% accuracy on all meridians (see below). Following Ericsson (1996) , subjects with more than 10 years of intensive training in a team sport were categorized as experts (n ϭ 12, 7 female, M age ϭ 27.92, SD ϭ 5.12 years, M team sports experience ϭ 16.00, SD ϭ 2.66 years), and the remaining subjects were classified as novices (n ϭ 10, 6 female, M age ϭ 25.40, SD ϭ 2.37 years, M team sports experience ϭ 3.10, SD ϭ 3.76 years). Primary team sports included basketball (n ϭ 1), handball (n ϭ 4), hockey (n ϭ 2), soccer (n ϭ 9), and volleyball (n ϭ 3); three novices participated in no team sports at the time of the experiment. All subjects reported normal, uncorrected vision and had not participated in any sensorimotor research within the preceding 6 months.
Materials and procedure. Participants were tested individually in a laboratory room and sat approximately 1.30 m from a 2.80 m ϫ 2.20 m (94°horizontal ϫ 80°vertical) white projection screen. On each trial, a pair of stimuli appeared, with members of the pair equidistant from and on opposite sides of a central fixation point along one of four meridians (horizontal: 0°/180°, vertical: 90°/270°, diagonal 1: 45°/225°, diagonal 2: 135°/315°). Each pair was equally likely to appear along the horizontal, vertical, or one of the two diagonal meridians, and for analyses, we combined data from the two diagonal meridians. The members of a pair were separated by a visual angle that ranged from 2°to 60°(in 2°i ncrements). The meridian and stimulus separation were fully crossed, with each combination tested twice (30 separations ϫ 3 meridians ϫ 2 repetitions), giving a total of 180 experimental trials, with a 30 s break after every 60 trials. Participants completed an additional 12 practice trials at the start of the experimental condition, followed by the experimental trials in a random order, resulting in a total of 192 trials.
Each stimulus (19 cm ϫ 19 cm or 8.38°) consisted of four elements (9 cm ϫ 9 cm, or 3.97°; with a gap of 1 cm, or 0.44°b etween the elements), each of which was assigned a shape (circle or triangle) and color (light or dark gray). Each stimulus included 0, 1, 2, 3, or 4 light gray triangles with equal probability (i.e., on 20% of trials). The color and shape of the other items in each stimulus were determined randomly. On each trial, subjects reported the number of light gray triangles in each stimulus, and responses were considered correct only if they reported the number correctly for both stimuli on that trial. Given that the target items within each stimulus were defined by a conjunction of features, identifying the number of light gray triangles in each stimulus required focused attention (Schneider, Dumais, & Shiffrin, 1984; Shiffrin & Schneider, 1977; see Hüttermann et al., 2013 , for a complete description of this task).
Before participating in the attentional breadth task, and to assess the visibility at each possible target position, each subject was tested in a control condition. On each trial, a single stimulus, created using the same procedure as in the experimental condition, appeared peripherally while subjects fixated on the middle of the screen. Again, subjects reported the number of light gray triangles in that stimulus. As in the experimental task, there were 30 possible stimulus locations on each of the meridians, with distances from fixation ranging from 1°to 30°from fixation along each meridian. Each stimulus distance from fixation was tested twice on the same side of the meridian. And, for each distance, we randomly chose the side of fixation with the constraint that half of the distances were tested on each side of fixation. Consequently, This document is copyrighted by the American Psychological Association or one of its allied publishers.
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participants completed the same number of control trials as experimental trials (30 distances ϫ 3 meridians ϫ 2 repetitions). In both the control and experimental conditions, each trial started with a central fixation cross (1000 ms) and was followed for 200 ms by a precue (a circle 3.52°in diameter) that indicated the location(s) at which each stimulus would appear. After a 200 ms blank screen, the target(s) appeared (for 150 ms in the control trials or 300 ms in the experimental trials). Subjects then verbally reported the number of light gray triangles (0 -4) in each target stimulus, and the experimenter recorded their responses (see Figure 1) . Subjects fixated on the central fixation cross throughout each trial, and fixation was monitored with a mobile video-based eye tracking system (Mobile Eye®, Applied Science Laboratories, Bedford, MA, sampling rate of 30Hz and resolution of 1°).
Results and Discussion
We excluded data from trials in which the subjects failed to maintain fixation (control condition: 4% for experts, 5% for novices; experimental condition: 3% for experts, 5% for novices). For analysis, we combined data from the two diagonal meridians because we had included both only for counterbalancing purposes and had no reason to expect any difference between them. Given that accuracy data tend not to be normally distributed, particularly with high accuracy levels, data were transformed using the arcsine of the square root before all analyses in the control condition (cf. Manikandan, 2010; Osborne, 2010) . However, the reported means and standard deviations are based on the untransformed data (see Table 1 ).
The control condition was designed to verify that stimuli were perceptible at all distances from fixation. Given that we had relatively few trials for each distance on each meridian, we computed the average accuracy across a moving-window of five stimulus distances from fixation, centered on the critical distance. This technique was used to find a cutoff point that then served as the dependent measure in our analyses. For example, to calculate average accuracy at a distance of 7°, we averaged performance for distances of 5, 6, 7, 8, and 9°. All participants achieved greater than 80% accuracy at all distances on all meridians. The averaged accuracy rates along each meridian across subjects are presented in Table 1 . Both experts and novices performed accurately, with no significant differences between the groups. A 2 ϫ 3 (expertise [expert, novice] x meridian [horizontal, vertical, diagonal] ) ANOVA revealed a nonsignificant effect of expertise, F(1, 20) ϭ 2.551, p ϭ .126, p 2 ϭ .113, and a significant main effect of meridian, F(2, 40) ϭ 7.435, p ϭ .002, p 2 ϭ .271. Accuracy was comparable for the vertical (M ϭ 96.67%, SD ϭ 1.45%) and horizontal meridians (M ϭ 96.44%, SD ϭ 0.93%), t(21) ϭ 0.993, p ϭ .332, d z ϭ 0.21, and slightly worse for the diagonal meridians (M ϭ 95.08%, SD ϭ 1.58%), (horizontal vs. diagonal: t(21) ϭ 3.070, p ϭ .006, d z ϭ 0.66; vertical vs. diagonal: t(21) ϭ 3.570, p ϭ .002, d z ϭ 0.76; Bonferroni corrected post hoc comparisons had an adjusted alpha of 0.017). The interaction between expertise and meridian also was nonsignificant, F(2, 40) ϭ 0.139, p ϭ .871, p 2 ϭ .007. Because both groups performed well in the control condition, any differences between groups in the experimental trials presumably reflect differences in the ability to focus attention on multiple objects rather than differences in visual acuity for peripheral objects. This finding is consistent with evidence that expert athletes generally do not differ from novices in basic visual perception tasks (Blundell, 1985; Hughes, Blundell, & Walters, 1993; Memmert et al., 2009; West & Bressan, 1996) , but do differ in attention-demanding tasks with multiple objects (for reviews see Mann et al., 2007; Voss et al., 2010) .
For each meridian in the experimental trials we defined "attention breadth" as the largest stimulus separation at which each subject reliably identified the number of light gray triangles in both stimuli on at least 75% of the trials (cf. Clay et al., 2009 ). Given that we had few trials for each combination of separation and meridian, we calculated this 75% criterion using a moving-window of five separations between stimuli like that used to analyze the control condition (e.g., to calculate average accuracy at a separation of 6°, we averaged performance for separations of 2, 4, 6, 8, and 10°). From these movingwindow averages, we determined the largest distance on each meridian at which performance surpassed 75% accuracy for that separation and all smaller separations. As noted earlier, two subjects did not reliably perform better than 75% as the separation decreased, and their data were excluded from analyses. We compared the separations corresponding to that 75% accuracy threshold in a 2 ϫ 3 (expertise [expert, novice] ϭ 0.25, (again, Bonferroni correction yields alpha of 0.017). This pattern is consistent with the idea that the spotlight of attention is spatially distributed as an ellipse rather than as a circle, with an elongated horizontal axis (Galera et al., 2005; Sanders & Brück, 1991) .
The effect of meridian also varied as a function of expertise, as indicated by a significant interaction, F(2, 40) ϭ 5.259, p ϭ .009, p 2 ϭ .208: Experts performed at 75% accuracy with greater distance between the stimuli than did the novices on both the horizontal, t (20) Table 1) 1 . The smaller group difference along the vertical than the horizontal meridian could be related to the fact that most of our experts and novices (15 of 22) played sports in which the horizontal dimension is 1 For within-subjects comparisons, the effect size we report is Cohen's d z (Lakens, 2013) 
. Note that Cohen's d z for within-subjects tests is not directly comparable to Cohen's d s for between-subjects tests. For between-subjects comparisons, the effect size we report is Cohen's d s (Lakens, 2013) , calculated as
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more important than the vertical one, and only four of our subjects played sports in which the vertical dimension is more important than the horizontal one. To explore this possibility, we grouped our subjects according to whether their primary sport was more horizontally or vertically oriented. Handball, hockey, and soccer players (M ϭ 34.93°, SD ϭ 7.25°) showed larger attention breadth along the horizontal meridian than did basketball and volleyball players (M ϭ 33.00°, SD ϭ 8.08°). And, basketball and volleyball players showed larger attention breadth along the vertical meridian (M ϭ 31.50°, SD ϭ 5.51°) than did handball, hockey, and soccer players (M ϭ 25.33°, SD ϭ 4.88°). Note, though, that these comparisons are based on only four subjects who played sports with more vertical attention demands. We explored this suggestive trend in Study 2.
Study 2
Study 1 revealed expertise effects in the spatial distribution of attention, particularly for the horizontal meridian. Study 2 was designed to replicate that finding and to explore possible differences in the spatial distribution of attention as a function of the type of sports expertise. Specifically, we predicted that expert This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
athletes from horizontally oriented sports would show greater horizontal attention breadth than those from more vertically oriented sports (and vice versa).
In the exploratory analysis in Study 1, the classification of a sport as horizontal or vertical was based primarily on the size of the playing court. Soccer (105 m ϫ 68 m) and handball (40 m ϫ 20 m) courts are much bigger than basketball (28 m ϫ 15 m) and volleyball (18 m ϫ 9 m) courts. We assumed that larger courts would depend relatively more on horizontal viewing angles. We also subjectively judged the amount of time that the attended objects (balls, players) spend on the ground versus in the air. Study 2a 2 was intended to confirm the reliability of our classifications by asking a group of naive raters to judge whether each sport is horizontal or vertical. Study 2b compared the performance of experts in vertical or horizontal sports on the horizontal and vertical dimensions in our attention task.
Study 2a Method
Thirty-one subjects (18 female) aged 18 to 37 years (M age ϭ 26.19, SD ϭ 5.02 years) completed a survey in which they rated each of a number of sports on the degree to which athletes playing that sport would need to focus on multiple objects in the horizontal or vertical dimension using a Ϫ5 (completely horizontal) to ϩ 5 (completely vertical) rating scale. To illustrate how the scale should be used, they were given the example of a façade painter to illustrate the need for vertical attention and a bus driver to illustrate the need for horizontal attention. They were then asked to consider whether participants in each of a number of sports have to focus attention on more horizontally or vertically positioned objects.
Results and Discussion
All of the sports played by the experts in our studies showed a significant difference from the zero point, with soccer (M ϭ Ϫ2.24, SD ϭ 1.67) and handball (M ϭ Ϫ2.04, SD ϭ 1.28) judged to be significantly more horizontal than the scale midpoint Table 2 includes means and standard deviations for all sports included in the survey. Some sports like darts or golf showed little deviation from the zero point, suggesting that they were neither horizontal nor vertical. Hockey and pole vault showed the greatest deviations from the zero point, meaning that these two sports were rated as activities requiring either a particularly wide-ranging horizontal or vertical focus of attention.
2 Study 2a was conducted after Study 2b because we collected these data in response to a reviewer's suggestion. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Study 2b Method
Fifty-six subjects (23 female) aged 19 to 25 years (M age ϭ 22.05, SD ϭ 1.48 years) participated under the same ethical and health constraints as in Study 1. Data from seven additional subjects were excluded because they did not reliably perform better than 75% as the separation decreased. All subjects were competitive athletes who trained at least eight hours per week and competed in organized events (M team sport experience ϭ 10.82, SD ϭ 1.82 years) 3 . Thirty subjects played team sports with primarily horizontal attention demands (handball: n ϭ 11, or soccer: n ϭ 19) and 26 played sports with more vertical attention demands (basketball: n ϭ 8, or volleyball: n ϭ 18; see Allard & Starkes, 1980) . Given that performance in the control condition of Study 1 was excellent at all distances for all meridians, we did not repeat the control condition in Study 2. All other aspects of the design were identical to those of Study 1.
Results and Discussion
As in Study 1, averaging across both types of expertise, performance varied as a function of meridian, F(2, 108) ϭ 20.910, p Ͻ .001, p 2 ϭ .279 (see Table 3 ). Participants showed greater attention breadth (i.e., a larger attention window, see Figure 3 Galera et al., 2005) . The two types of athletes did not differ in overall performance when averaging across all meridians, F(1, 54) ϭ 0.002, p ϭ .962, p 2 Ͻ .001. Overall, participants in Study 2 outperformed those in Study 1, perhaps because Study 2 included only experts, many of whom played in more competitive leagues than the experts in Study 1. The interaction between expertise and meridian also was statistically significant, F(2, 108) ϭ 7.752, p ϭ .001, p 2 ϭ .126 (see Figure 3) .
Our core hypothesis, based on the exploratory analysis in Study 1, was that the horizontal/vertical orientation of a sport would be associated with better performance along that meridian. The results of a follow-up 2 (horizontal/vertical) ϫ 2 (expertise) ANOVA revealed a nonsignificant overall main effect of expertise, F(1, 54) ϭ 0.236, p ϭ .629, p 2 ϭ .004, and a significant main effect of meridian, F(1, 54) ϭ 38.363, p Ͻ .001, p 2 ϭ .415. As predicted, we observed a significant meridian x expertise interaction, F(1, 54) ϭ 13.300, p ϭ .001, p 2 ϭ .198. Experts with primarily horizontal attention demands in their sport had a maximum attentional focus of about 40°along the horizontal meridian and about 33°along the vertical meridian. In contrast, experts with primarily vertical attention demands in their sport showed a maximum attentional focus of about 38°along the horizontal meridian and about 36°along the vertical meridian (see Table 3 ).
Study 3
Study 1 revealed differences in the breadth of attention for experts and novices, and Study 2 showed that the maximum distribution of attention along the horizontal and vertical meridians depends on the athlete's specific sport (i.e., whether it called for primarily vertical or horizontal visual attention). However, the control group in Study 1 had some sports experience, so they were not truly novices. Study 3 was designed to replicate the expert/ novice difference from Study 1 using a control group consisting of sports novices while also attempting to replicate the horizontal/ vertical sport difference found in Study 2. Finally, we reduced the number of distinct locations tested in our attention measure in order to increase the number of trials with each distance. That permitted an analysis that did not require us to average across a moving-window of distances.
Method
Thirty-seven subjects (19 female) aged 20 to 31 years (M age ϭ 26.16, SD ϭ 3.35 years) participated under the same ethical and health constraints as in Study 1 and 2. Data from three additional subjects were excluded because they did not reliably perform better than 75% as the separation decreased. Overall, 25 subjects were competitive athletes who trained at least 10 hours per week and competed in organized events (M team sport experience ϭ 14.32, SD ϭ 3.53 years). Thirteen subjects (M team sport experience ϭ 14.69, SD ϭ 4.19 years) played team sports with primarily horizontal This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
attention demands (handball: n ϭ 4, or soccer: n ϭ 9), 12 subjects (M team sport experience ϭ 13.92, SD ϭ 2.78 years) played sports with more vertical attention demands (basketball: n ϭ 2, or volleyball n ϭ 10), and 12 were nonathletes without any formal team-sport experience.
The design of Study 3 was identical to those of Study 1 and 2 except that there were only 10 possible stimulus locations on each of the meridians, with distances ranging from 3°to 30°(in 3°i ncrements). The meridian and stimulus separation were again fully crossed, but with each combination tested six times (10 separations ϫ 3 meridians ϫ 6 repetitions) rather than twice.
Results and Discussion
As in Studies 1 and 2, attention breadth was defined as the largest stimulus separation at which each subject reliably identified the number of light gray triangles in both stimuli on at least 75% of the trials. Unlike Studies 1 and 2, we analyzed performance at each separation independent of other separations (without using the moving-window approach).
Averaging across all three groups (novices, horizontal experts, and vertical experts), performance varied as a function of meridian, F(2, 68) ϭ 37.214, p Ͻ .001, p 2 ϭ .523 (see Table 4 ). Participants showed a larger attention window along the horizontal (M ϭ 40.22°, SD ϭ 6.91°) than the vertical meridian (M ϭ 30.00°, SD ϭ 9.49°), t(36) ϭ 6.791, p Ͻ .001, d z ϭ 1.12, and the diagonal meridian (M ϭ 33.73°, SD ϭ 9.20°), t(36) ϭ 6.693, p Ͻ .001, d z ϭ 1.10, with performance differing between the diagonal and vertical meridians as well, t(36) ϭ 2.557, p ϭ .015, d z ϭ 0.42, (Bonferroni corrected post hoc comparisons had an adjusted alpha of 0.017).
Averaging across meridians, the three groups differed in the maximum attention breadth, F(2, 34) ϭ 5.310, p ϭ .01, p 2 ϭ .238. Attention breadth was comparable for the horizontal experts (M ϭ 37.54°, SD ϭ 4.91°) and vertical experts (M ϭ 36.50°, SD ϭ 5.98°), t(23) ϭ 0.476, p ϭ .638, d s ϭ 0.19, and worse for the 
General Discussion
In three studies, the maximum spatial extent of attention was ellipsoidal, with greater breadth along the horizontal axis than the vertical one (Galera et al., 2005; Sanders & Brück, 1991) . Study 1 showed that expert athletes, a group that depends on the ability to focus attention on multiple objects efficiently, had 25% greater maximum attention breadth than did nonexperts. Study 2 confirmed the trend identified in Study 1 that the spatial distribution of attention interacts with the demands of an athlete's primary sport and showed that our classification of sports as horizontal or vertical is reliable. Although athletes for both groups showed an Figure 4 . For Study 3, Attention breadth with 75% correct performance as a function of meridian and expertise (experts of "horizontal" and "vertical" sports as well as novices). Because each stimulus pair was presented symmetrically about the center, the data are also symmetrical. Symbols represent across-subjects means, and error bars indicate 95% confidence interval. This document is copyrighted by the American Psychological Association or one of its allied publishers.
advantage for horizontal over vertical stimuli, those who played a sport with more horizontal demands showed an even larger advantage, and those who played a sport with more vertical demands showed a reduced horizontal advantage. Study 3 replicated the expert/novice effect of Study 1 and the horizontal/vertical expertise effect of Study 2. As part of our survey about horizontal and vertical sports, subjects in Study 2a rated a range of other sports. Other sports judged to be vertical included pole vault, high jump, trampoline, and badminton. Sports judged to be horizontal included table tennis, rugby, and ice hockey. Future studies could assess whether experts in these sports show a similar pattern to those tested in our studies.
Given that our study compares different groups of experts, we cannot infer a causal link between the spatial distribution of attention and experience playing a particular sport. Expertise can be viewed as an optimal adaptation to task constraints (Ericsson & Kintsch, 1995; Ericsson & Lehmann, 1996) , and our subjects showed a spatial distribution of attention that matched the demands of their sport. Experience in a sport might alter the spatial distribution of attention to multiple objects, but these attention differences might have predated sports training, predisposing athletes to eventual expertise in a sport that matched their attention advantage. For example, those athletes with greater attention breadth in the horizontal dimension might be more likely to develop expertise in soccer than in volleyball. Or, a third factor might contribute both to the spatial distribution of attention and the chosen sport. The optimal way to test whether practice with a sport alters the spatial distribution of attention would be to conduct a training study with random assignment of athletes to sports. But, a more practical (although imperfect) approach would be to use a longitudinal design to explore how the spatial distribution of attention changes over time as a function of sports experience.
The experts we tested showed 75% accuracy rates at greater stimulus separations than did novices, a finding we take as evidence that they can spread their attention more broadly. Other explanations are possible, though. Conceivably, experts may be able to shift attention between the two targets more efficiently rather than spreading their attention to both more effectively (Enns & Richards, 1997) . The 300 ms display time makes such a rapid shift a possibility, although processing the targets sequentially would require participants to complete a conjunction search at one location and then shift attention to the other target in time to initiate and complete another search. Such attention shifts would have to occur covertly-we monitored eye movements and eliminated any trials in which participants shifted their gaze away from the central fixation point. We find simultaneous processing to be a more plausible account, but future research could directly distinguish these possibilities by requiring sequential processing or limiting processing time even more.
In addition to spreading a single spotlight of attention (Posner & Petersen, 1990) to encompass both targets, participants might also split attention into multiple, spatially discrete spotlights, one for each target (e.g., Müller, Malinowsky, Gruber, & Hillyard, 2003) . Our methods cannot distinguish these possibilities, but in either case, our results show that experts are able to spread/split their attention to a greater spatial extent.
Finally, experts might perceive the targets sequentially and then perform the analysis in working memory rather than with the visible displays. If so, then their performance advantage might result from more efficient attention shifts coupled with superior working memory capacity (Bundesen, 1990) . Future studies could address this possibility by testing performance while subjects perform a task that interferes selectively with working memory.
One other limitation of our study is that we are mapping horizontal and vertical dimensions on the picture plane to a threedimensional playing surface. We have assumed that horizontal on the monitor corresponds to the surface of a playing field whereas vertical refers to elevation or height relative to the playing field. The subjects in Experiment 2a agreed with our classification of sports into horizontal and vertical, presumably accepting this mapping. Perhaps our comparison of horizontal and vertical experts would be strengthened by measuring the extent of attention in all three dimensions separately (e.g., by using a virtual reality display), thereby isolating the ability to spread attention across both dimensions of a playing surface and across elevations from the playing surface.
In many respects, sports are an ideal way to examine expertise effects in the distribution of attention-athletes of comparable ability play a diverse range of sports, allowing a comparison of relative equals. Yet, many activities and occupations differ in their attention demands, with some requiring more vertical focus (e.g., painters) and others requiring more horizontal focus (e.g., drivers). Further studies could verify whether long-term differences in attention demands are associated variations in the spatial extent of attention along the horizontal and vertical meridian in other domains. Moreover, short-term training studies could explore whether the maximum breadth of attention is readily malleable. If so, then perhaps training this basic limit of attention might enhance performance in other real-world contexts.
Independent of the origins of such differences, quantifying the ability to devote attention to spatially separate objects could help to identify situations in which the demands on attention exceed our capacities (cf. Maruenda, 2004) . For example, a soccer linesman must judge whether a player is offside by comparing the relative position of multiple players when a ball was kicked by yet another player. In some cases, doing so correctly requires them to spread their attention more than 35°, which might explain their frequent errors. Similarly, team sports players cannot see all "open" players on the field (cf. Furley, Memmert, & Heller, 2010) when those players are far enough apart to exceed the maximal breadth of attention. Similar limitations in nonsport domains like driving might be better understood by identifying situations that exceed the maximum attention breadth.
